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. Computed single point electronic energies (a.u.) of [M … CH4] + complexes at the B3LYP/6-31+G(d) optimized geometries using the CCSD(T) technique and the following basis sets: cc-pVDZ, cc-pVTZ, cc-pVQZ and cc-pV5Z.
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Complete Basis Set Limit Extrapolation Methods
In Table S3 , the estimated pKa(C-H) obtained from each extrapolation method is shown for each 3d transition metal methane adduct, as well as estimates obtained from the individual CCSD(T) calculations with double, triple, quadruple and quintuple zeta correlation consistent basis sets. Table S3 . Estimated pKa(C-H) values of 3d metal ion methane adducts computed with CCSD(T) methods and correlation consistent basis sets (cc-pVXZ, for X = 2 (Dz), 3 (Tz), 4 (Qz) and 5 (5z)) at the B3LYP/6-31+G(d)-optimized geometries and the various CBS limit extrapolation schemes outlined in Computational Methods. 
Structural and Vibrational Analysis of Methane Adducts
Average C-H bond lengths (rCH) ranged from 1.095 (Mn, Fe) -1.108 Å (Ti, V) while average C-H vibrational frequencies (νCH) ranged from 2956.6 (Ti) -3120.2 cm -1 (Fe), as shown in Table   S4 (methane adducts) and Table S5 (methyl complexes), with standard deviations of ±0.006 Å and ±81.8 cm -1 respectively across the entire dataset. Metal-carbon distances in both the methane adduct acid and its metal-methyl conjugate base are collected in Table S6 . Figure S1 highlights the relationship between pKa and both calculated bond length and vibrational frequencies. For the methyl complexes, there is a positive, roughly linear, correlation between the average C-H bond length and the calculated pKa(C-H). Conversely, there is a S4 negative correlation between average vibrational frequency and pKa. Interestingly, examining the methane adduct complexes, the trends are exactly opposite that of their methyl counterparts.
Although the correlation coefficients are meager, the correlations between rCH, νCH and pKa (C-H) imply that a more activated methane C-H bond (i.e., longer rCH and lower νCH) is a more acidic C-H bond. Linear (Methyl Complexes) 
